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Within the study of the radioactivity in Sicily led by our department, a very long time, we looked at the dating of a sediment core taken in the Gulf of Palermo (Sicily). The study was requested by some colleagues, who were conducting a research on the presence of foraminifers in the same area.
The main goal of the research was to study the environmental pollution in the same area, using foraminifers as an environmental indicator. For this purpose an extensive study of sediment cores in the Palermo Bay has been carried during two years.
The foraminifers are single-celled organisms appeared about a billion years ago and they are able to live both in fresh water than salt. Most of them indeed live in marine environments. The benthic foraminifers live in close contact with the seabed and have a behavior dependent on environmental conditions, for which their study gives useful information on the pollution of the place. To this aim an estimate of the age of the sediment core sections was needed.
Radionuclide dating allows absolute measure of the age and its use is well known in literature (Carroll et al. 1999a, b; Tanbay and Yener   2001; Carroll and Lerche 2003; Jha et al. 2003; Vaalgamaa and Korhola 2004; Álvarez Iglesias et al. 2007). The method of the unsupported 210Pb, i.e. whose activity is not derived from the radioactive decay of its 226Ra parent, was chosen to date the sediment core (Goldberg 1963; Koide et al. 1972), assuming constant sedimentation rate model (Carroll and Lerche 2003).
The unsupported 210Pb ( 210Pbex ) activity can be calculated as difference between total 210Pb and 226Ra activity, since its activity can be considered equal to that of the supported 210Pb. The unsupported 210Pb decays with its own half-life time, equal to 22.3 years, so being very suitable to the aim of dating the sediment core we were interested in. 
The 226Ra activity (supported 210Pb) can be determined through the 214Pb activity, after secular equilibrium has been reached. High performance gamma spectrometry, based on low-energy detector, has been used in order to determine 210Pb (46.5 keV) and 214Pb (351.9 keV) activities.




 Site and Sampling

The analysis was conducted on a sediment core of 10 cm diameter and 30 cm long, taken in the Gulf of Palermo (Sicily) at a depth of 21 m and a distance of about 1 km from the coast (Fig. 1) on 4 December 2004. 
The sediment core was cut into layers of 1 cm long and the samples thus obtained were dried in an oven at 105 ° C for 24 hours. Each section was divided into 2 aliquots. One of theme was subjected to gamma spectrometric analysis.





The container was sealed for 20 days, in order to obtain equilibrium between 226Ra and its progeny including 214Pb  (Fig, 2), and it was analyzed by high-resolution gamma ray spectrometry. In this way the activities of the two isotopes can be considered equal. Determining the activity of 214Pb we can be obtain 226Ra activity with which it is in equilibrium. 
Subtracting this activity from the total 210Pb activity we go back to that of Pbex.
The measurements were made using a thin germanium CANBERRA detector 2000 mm2 surface associated with a suitable chain spectrometry. Since the activities of 210Pb and 214Pb were very low, the length of the measurements ranged from a minimum of 5 to 7 days, in order to improve the counting statistics. 
In addition to measurements regarding 210Pb, in the same sections were performed measurements of the 137Cs activity. For this purpose we made use of a HPGe detector, whose relative efficiency was equal to 35% and resolution 1.8 keV. The length of the measurements was of 600000 s.

Figure 2.-  Final part of Uranium decay series




 	The activity of supported lead was obtained from the activity of  214Pb in equilibrium with 226Ra. Finally from all these measurements we obtained the graphs shown in Fig. 3 for total and supported lead respectively.  Then subtracting the supported from the total lead we can get the lead Pbex (Fig. 4).

		















Figure 5.-  Decay of the Unsupported 210Pb activity














from which it follows that the sedimentation rate is 0.55 cm y-1. In practice to obtain 1 cm of sediment would require about 2 years and since the measurements are performed on layers of 1 cm thick, any change in sedimentation rate and the specific surface of 210Pb activities are indeed mediated over 2 years.
Now we can date the sediment core and conclude that the age of the oldest part is about 55 years. The error resulting by fitting is 12.5%. This implies an uncertainty of about 7 years for the deeper part of the sediment. 





Figure 6.-  Trend of  137Cs  vs.  depth and sediment core age

As we can see the figure shows a diffuse peak around 1986. The fact that the peak is off can be attributed to the effect of mixing the sand carried by the foraminifers. The upward trend since 1960 can be explained by the arrival of sand contaminated with radioactive cesium due to nuclear French tests in North Africa that lasted more than half of the sixties. Even today, it is possible to observe the arrival in Sicily of sand contaminated with radioactive cesium, when the wind blows southeast.
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